The isolated cat gastrocnemius preparation was used to study the relation between the washout of 1HH Xenon measured by external monitoring and blood flow measured directly by a dropcounter. The experimental possibility was thereby tested of recording the total tracer bolus and its subsequent washout by external monitoring, using the height H and the corresponding area A of the washout curve. The partition coefficient A, and the amount of recirculation were evaluated in separate experiments. According to Zierler, the blood flow per gram of tissue should equal A. • H/A. This relation was verified experimentally. Exponential analysis was carried out but the results of it were not considered to support the hypothesis of a two compartment inparallel model in skeletal muscle. The shape of the washout curve did not suggest the existence of A-V shunts.
• The passage through an organ of a radioactive inert gas such as m Xenon can be recorded by external monitoring. This technique has recently been used for calculating the blood flow in the brain in man (1), advantage being taken of the negligible recirculation of this type of indicator. The method is based on rapid injection of the isotope into the artery supplying the tissue, and recording of the distribution of transit times, according to Zierler's stochastic analysis (2) . This paper will illustrate the validity of this principle by applying the method to an isolated organ (the gastrocnemius muscle of the cat) under conditions in which the actual blood flow is directly measured.
The observed r ™Xenon washout curve could be fitted by a biexponential function.
Following the suggestion of Renkin (3), a two compartment in-parallel model was applied. This attempt to gain insight into the distribution of the blood flow in the muscle will be discussed.
Theoretical Considerations THE STOCHASTIC APPROACH
Meier and Zierler (4) deduced mathematically the relationship (1) where i denotes the mean transit time, V the volume of distribution of the tracer in tissue and F the blood flow. Dividing by the tissue weight both in the numerator and denominator, one obtains t = V/W (2) F/W f Therefore, the volume of distribution in the organ per gram weight, A. , divided by flow per gram weight, /, equals the mean transit time of the tracer particles. Zierler (2) pointed out that it is possible by external monitoring to find the mean transit time of the radioactive tracer bolus when it is injected intra-arterially. The tracer must be injected so rapidly that no particles have left the system before the whole bolus has arrived, i.e., the maximum height (q 0 ) of the curve is a measure of the total bolus recorded with the same geometry as the washout curve of the tracer. As long as a tracer particle is seen by the probe, it remains in the system. On this basis, Zierler (2) showed that the mean transit time of the particles is given by
Maximum height value of curve
Total area under curve
where q is the activity for the geometry used. Eliminating I from equations 2 and 3 and solving for f, one obtains
Height Area
• m m .
(4)
The derivation is based on two assumptions: 1. Equivalent entry, i.e., that the tracer particles are completely mixed with blood at the entrance to the organ. 2. Stationarity, i.e., that the distribution of the transit times for the tracer does not change with time, which implies that the total blood flow also is constant.
For the fulfillment of the experimental requirements of equation 4, it is necessary to make five assumptions. 1. Isoefficiency, i.e., the different tissue elements must be represented equally in all depths of the tissue. 2. The height of the curve must represent the total tracer input. This implies that no tracer particle leaves the tissue under the study, before the whole bolus enters. 3. The area of the curve must be counted with the same geometry as the height. Since it is impossible to record the curve to infinity, CircnUiioa Risurcb, Vol. XX, Msy 1567 difficulty in obtaining the correct area resides in the extrapolation to infinity from the later part of the curve. 4. The partition coefficient X must be evaluated in separate experiments. 5. The recirculation must be negligible or known, as recirculation will cause a falsely greater area.
Any tracer that has a well defined volume of distribution and fulfills the above mentioned assumption can be used. The derivation does not imply rapid diffusion equilibrium or homogeneity of flow and the formula is also valid for colloid indicators.
Arteriovenous shunts are characterized bv rapid transit in which the particles are only distributed in a very small fraction of the total volume of distribution. In the presence of such a shunt, only a fraction of the tracer input will be seen by the external probe for a very short time, giving rise to a spike in the count-figures shortly after the impulse injection (5) . Conversely, in a curve in which the initial washout declines gradually after the peak, an A-V shunt of quantitative importance can be excluded. Since the indicator is a freely diffusible gas, an eventual shunt could either be a vascular pathway or a type of counter-current diffusion between artery and vein. This "gas shunt" was recently discussed in relation to skeletal muscle by Aukland et al. (6) .
The inert gas injection method for measurement of blood flow, proposed by Zierler, is intimately related to Kety's classical inert gas inhalation method (7) . Kety and Schmidt (8) derived the relation between blood flow and the rate of saturation of inert gas tracers in a tissue:
where / is the blood flow per gram of tissue per minute, and Ca and Cv denote the concentration of tracer in the arterial and venous blood respectively. (Cv) x denotes the venous concentration at infinity, where diffusion 554 T0NNESEN, SEJRSEN equilibrium between blood and tissue has been reached; A. is the ratio of concentration between tracer in tissue and blood at equilibrium. The expression can be applied to any organ with constant blood flow from which venous blood samples represent only the tissue under study. The numerator in equation 5 expresses the maximal height of the saturation curve, and the denominator the area between the arterial and venous concentration curves. Equation 4, deduced by Zierler, is quite analogous to equation 5 given by Kety, although the height and the area in equations 4 and 5 are obtained by different procedures. This relationship was also demonstrated theoretically and experimentally by Lassen and H0edt-Rasmussen (9) in studies on human brain.
THE COMPARTMENTAL APPROACH
The shape of the washout curves of 13;! Xenon could be fitted by the model describing two homogeneous compartments in-parallel. Although there is no anatomical or functional explanation for this, the results of the experiments were examined by this model. Each compartment is described by (6) where q is the quantity of tracer remaining in the tissue at time t. The assumptions for this approach (7) are that diffusion equilibrium of the tracer can be reached within a single passage of the blood through the tissue, and that the blood flow in the compartment is homogeneous.
Using two or more compartments, no ex- Graphical resolution into two compartments of a washout curve. This experiment is no. 7 in Tables 2 and 3 .
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change of tracer between the compartments is allowed. The particular advantages of this equation 6 are: 1. The blood flow can readily be calculated from the desaturation curve obtained by external monitoring as any part of the monoexponential curve yields all necessary information. The difficulties in the stochastic approach of obtaining the correct height and area of the curve are thus avoided. 2. Changes in the blood flow during the experiment can easily be recorded from alterations of the curve in a semilog diagram. If, however, one considers two homogeneous compartments in-parallel, then the blood flow must be constant throughout the experiment.
With regard to skeletal muscle, Renkin (3) and subsequently Barlow, Haig, and Walder (10) assumed that the tissue contained two homogeneous compartments in-parallel. Based on this assumption they calculated the flow in both compartments using antipyrine and -4 Na respectively.
We have attempted to apply the two compartment in-parallel model to our 1H3 Xenon clearance studies. The clearance curve was generally well described by this model (Fig.l) .
The slope of each exponential was estimated from the half time. The blood flow in each compartment was calculated from .100.
(7)
According to Dobson and Wamer (11) , the weight of each compartment was calculated from
'f«»t • * ^InBt "r 'slow * •* *slow
where Weightr n>t denotes the fractional weight of the fast compartment, I taKt and 7,i ow the intercepts at zero time of the fast and slow exponentials, and T'A laKt and T/t,i ow their respective half times. The sum of Weight f0 , t and Weight,,,,* is unity. The weighted flow of each compartment was calculated by multiplying the fractional volume times the flow of the respective compartment. The mean flow was calculated as the sum of the weighted flows. This mean blood flow value is the same as the value obtained by the stochastic analysis for curves well described by two exponentials; in this case it can readily be shown that the compartmental analysis is merely a special case of the more general stochastic one (1) . The special virtue of the compartmental analysis, therefore, resides in the possibility of gaining an insight into the distribution of the blood flow inside the muscle.
Experimental

ISOLATED GASTROCNEMIUS PREPARATION
The experiments were performed on 7 cats weighing 2.5 to 6.5 kg. After ether induction, choralose (70 mg/kg) was given intravenously. Tracheostomy was performed, and the temperature of the cat was kept at 37°C by heating lamps; temperature was measured by a contact thermometer placed in the rectum. Heparin (5 mg/kg) was given-intravenously.
The skin of the right leg down to the paw was removed by thermocautery. The Achilles tendon was cut from the calcaneus, and the gastrocnemius was isolated from the soleus muscle and the rest of the crus by blunt dissection. The thigh muscles were divided just above the knee. The crus was then removed by exarticulation of the knee joint. The bone marrow of the femur was plugged by cotton soaked in vaseline. The femoral artery and vein were isolated at the lower 2/3 of the thigh, and all side branches were carefully ligated, except for one distal branch of the artery in which a fine polyethylene catheter was inserted until the tip was at the level of the wall of the femoral artery. The muscle was wrapped in moist gauze and covered by a polyethylene sheet which was kept in place during the preparation and throughout the experiment. The temperature of the muscle was kept at 37°C by a heating lamp. The muscle was suspended on a stand, so that the length of the muscle equalled its normal resting length. The femoral vein was cannulated by a polyethylene catheter (i. d., 1.5 mm) connected to a dropchamber, on which a photocell was mounted. From the dropchamber, the blood was collected in a reservoir from which it was returned to the contralateral femoral vein. The impulses from the photocell were electronically shaped to a form which could be recorded by an isotope ratemeter (Philips PW 4242) connected to a potentiometer writer. The system was calibrated using a stopwatch and a graded cylinder 556 T0NNESEN, SEJRSEN FIGURE 2 Top, autoradiogram of the gastrocnemius muscle after 76% of the original amount of Xenon was cleared. The autogram was taken from a cross section at the level where the nerve N and the vessels V enter the muscle. Bottom, tlie corresfwnding histological preparation stained with Sudan HI. The heavily stained, upper part of the autoradiogram corresponds to the fatty tisstie (F) in the histological preparation, indicating a large uptake of " 3 Xenon. The muscle Circulation R.iunb, Vol. XX, Mr, 1967
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glass. The blood pressure was recorded continuously in all experiments using an electromanometer (ATH 16). The cats were given donor blood to keep the blood pressure stable. The hematocrit values were determined repeatedly during the experiments.
In order to obtain blood flow rates at different levels and yet maintain a fairly constant flow in each experiment, the isolated sciatic nerve was stimulated through silver electrodes by a S4 Grass stimulator. The frequency was 1 to 5/sec, voltage, 6 to 8 v and duration, 1 millisec. In two experiments, no stimulation was applied. 1S3 Xenon (0.05 to 0.15 ml) in isotonic saline (1 me/ml from the Radiochemical Center, Amersham, England) was rapidly injected intra-arterially, i.e., within 1 to 2 sec. A Nal (thallium activated) crystal, IJJ inch diam, was situated lateral to the muscle at a distance of 11 cm. By means of narrow collimation, the probe could "see" only the gastrocnemius muscle. To secure a low background, a lead shield covered the muscle on all sides. In this way the probe could "see" neither the left leg, nor the tail of the cat, nor the injecting catheter. The detector was connected to a one-channel analyzer (Philip PW 4025) set at a narrow "window" to record only the 81 kev radiation of 133 Xenon. The pulses were then fed simultaneously into two sealers, one integrating the counts, and one with a memory (S.E.L.O., Rd 1) operating a Beckman digital printer (1453 H). The counts could be recorded each second or minute with a counting time loss of only 10 /isec per period.
The maximum height of the curve, H (see equation 4) , was calculated from the 4 to 6 highest consecutive count-figures from the rapid digital printer, operating once per second. The area, A, of the curve was obtained as a sum of the counts from the integrating sealer minus the background, and the counts representing the area of the tail, A u n , were calculated from the desaturation curve by extrapolating monoexponentially to infinity using the formula
After subtraction of the background, the counts were plotted on semilog paper against time. When the last part of the curve demonstrated a monoexponential decay, a straight line was entered. From this line, the TH of the tail was found. The height of the tail, H uih was defined as the countfigure at the end of the experiment.
AUTORADIOGRAPHIC STUDIES
In preliminary experiments which represented a continuation of the work of Kjellmer et al. (12) , we found that the blood flow calculated from equation 4 was 40% lower than the flow measured by direct recording. In order to find the reason for this striking discrepancy between the experiments and the theory, autoradiographic studies using 133 Xenon were done at different parts of the muscle and at different times after the injection, by the technique reported by Sejrsen (13) . The autoradiogram from an experiment in which 75% of the tracer was washed out (after 7 min) showed a rather large, heavily loaded area, which corresponded to fatty tissue in the Sudan III stained histological preparation. As seen in Figure 2 , this fat was located at the site where the vessels and the nerve entered the muscle. The demonstration of the importance of the popliteal fat for the washout curve of lipid-soluble tracer is analogous to the finding by Thorburn et al. (14) in the kidney. This fat was removed by dissection in the subsequent preparations; data from only the latter are reported in this study. The fatty tissue, which was removed from the vessels, and the nerve weighed 0.5 to 1.5 g, constituting 3 to 5% of the muscle weight. The solubility of I33 Xenon is about 10 times higher in fatty tissue than in muscle (15) . The maximum uptake of 133 Xenon in the fatty tissue would then, at equilibrium, amount to 30 to 50% of the total input of tracer. Because of this fatty tissue, the washout of 133 Xenon from the area under study would then be much delayed in comparison to lean muscle, causing a falsely greater area. Our experiments also differed from previous ones (12) in our use of narrow collimation and shielding. Figure 3 , left, shows a washout curve from a preparation in which the fatty tissue was left untouched; on the right is a curve obtained from a preparation in which the fatty tissue was removed. The directly recorded blood flow was about the same in both experiments. The figure demonstrates that the initial part of the curve on the right is steeper, and that the background is reached much faster than the curve on the left.
It can be concluded that the fatty tissue, which was located at the muscle hilus, caused the underestimation of the blood flow and invalidated the preparation as a single tissue model in our preliminary study and in the studies of Kjellmer et al. (12) .
DETERMINATION OF THE PARTITION COEFFICIENT
The preparation used in these experiments differed from those previously mentioned only in that no catheter was inserted into the femoral artery. After the calibration curve for the drop- counter had been secured, the reservoir was removed to avoid loss of 188 Xenon. By sciatic nerve stimulation, the blood flow in the gastrocnemius muscle was kept between 29.4 and 52.7 ml/100 g • min to obtain a rapid equilibration. The cat was ventilated through a one-way respiratory valve open system from a Douglas bag containing 10 liters of oxygen and about 20 me of 13S Xenon gas. The gases in the bag were carefully mixed through the whole experiment. The background in the laboratory was kept virtually constant and low by a rapid airshift in the room. The saturation of the muscle with 1S8 Xenon was registered by the probe. After 25 to 30 min of equilibration, a constant counting rate was obtained over the muscle. At that time a blood sample of approximately the same volume as that of the muscle was taken in a 100-ml syringe. After the blood was sampled, the muscle was cut at both ends and rapidly put into a similar 100-ml syringe; all air was removed from the syringe by compressing the muscle with the piston. Both syringes were then sealed at the tip.
The activity in the muscle tissue and in the blood samples were measured by the probe in a set-up with constant geometry and careful shieldings. The syringes were vertical and the probe horizontal. The counting rates were 12,000 to 30,000 count/10 min for the syringes containing blood or muscle. The results of these experiments appear in Table 1 .
The half thickness values of self absorption for 1M Xenon y radiation in muscle tissue, serum, and blood at two hematocrit values of 42 and 21? were found in separate experiments using the same discrimination of the y radiation as in the Two washout curves obtained by external monitoring over the gastrocnemius muscle after infra-arterial injection of '"Xenon. Along the abscissa is the time in minutes, along the ordinate is the count/min. The blood flow measured by the dropcounter was about the same in the two experiments. Left: curve from a preparation in which tlie fatty tissue at the hilus of the muscle was untouched. Right: the fat was removed by dissection; the background is reached faster, giving a relatively smaller area. other determinations. The values were 2.16, 2.16, 2.16, and 2.15 cm respectively. Therefore, no correction was made for the absorption' of the content of blood and muscle tissue in the 100-ml syringes. The temperature of the muscle and the blood was 37°C at the moment of the sampling. In Figure 4 the results of the determination of X are plotted against the hematocrit values. In order to interpolate to the actual X values, the observed values have been connected by a straight line. Entered into the figure is also the relation between X and the hematocrit, recalculated from the results obtained by Conn (15) and Yeh and Peterson (16) .
DETERMINATION OF THE RECIRCULATION
The preparation used in this study was similar to the one used in the washout experiments. A catheter, which was equal to the one inserted into the side branch of the femoral artery, was inserted into the axillary vein. Two 1-ml syringes containing approximately equal amounts of 138 Xenon in saline were counted in a well counter to obtain the exact ratio of activity between their contents.
The blood flow in the gastrocnemius was kept at a high steady level by nerve stimulation. The
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first intravenous injection was given rapidly and the washout curve was registered over the muscle. After the level returned almost to background, the contents of the second syringe were injected into the femoral artery, and the washout curve was again registered over the muscle. The ratio between the area of the two washout curves expressed the recirculation.
In two experiments the recirculation was found to 0.57 and 1.43%. The blood flow in these experiments was 30 and 33 ml/100 g • min re spectively, as recorded by the dropcounter.
Results
STOCHASTIC APPROACH FOR CALCULATION OF MEAN TRANSIT TIME
Simultaneous dropcounter measurements and 183 Xenon washout curves were compared in 11 experiments on 7 cats. The results are given in Table 2 .
The muscle weight measured at the end of the experiments ranged from 21.4 to 45.1 g. The contralateral gastrocnemius muscle was also removed and weighed. By comparison it was found that the weight of the muscle used in the experiments was greater, although great care was taken to keep the venous pressure as low as possible. If this greater weight is due to edema fluid, the edema amounted to from 7 to 41%. The blood flow measured by the dropcounter (in milliliters per minute) was divided by the muscle weight to give the Comparison between the directly measured blood flow and the blood flow calculated from the washout curves. flow in ml/100 g • min. No correction for the edema was applied in this calculation. In each experiment the muscle blood flow was calculated from the recorded dropcounter flow minute by minute during the whole experiment. The constancy of the flow is expressed as the standard deviation of the flows recorded in this way. From the measured hematocrit values, the corresponding X' s were obtained from Figure 4 by interpolation. The table also lists important parameters of the 138 Xe washout curves. The calculated mean transit time varied between 1.21 and 36.8 min, and the corresponding muscle blood flow (Xe method) between 58.0 and 1.7 ml/ 100 g • min. Figure 5 shows the relation between the directly measured blood flow and that calculated from the washout curve. The coefficient of correlation was 0.93, P < 0.001. By the method of least squares, the equation for the regression line was calculated as y = 0.93x + 2.0. The standard deviation on the intercept S a was 3.9; the intercept was not significantly different from zero. It was assumed that the true line passed through zero. The slope of this line was calculated according to the formula h'-_ 2 and the result was found to be 1.001, SD 6 = 0.066, indicating that this slope is not significantly different from unity. This calculation shows that there is no systematic difference between the blood flow measured by the two methods. The omission of a correction for recirculation of 181t Xenon cannot influence this conclusion as the omission only involved an overestimation of the area (and corresponding underestimation of flow) of about 1*. The shape of the curves was in all cases as seen in Figure 1 , i.e., in no case was a rapid spike (shunt) present, but the clearance rate decreased gradually after the maximum.
COMPARTMENTAL APPROACH
It was possible to resolve the curves into two distinct phases in 9 experiments out of 11 (Fig. 1 ). In two (no. 4 and 6), no valid graphical resolution was possible due to low count-figures, although the height and the area were defined sufficiently to calculate the blood flow according to equation 4. The relative volume of the rapid compartment at various flows. The line is drawn by eye. Comparison between the directly measured blood fiow and the weighted flows of the two compartments obtained by graphical resolution according to Renkin (3) .
The results of the compartmental analysis appear in Table 3 . Figure 6 shows the fractional weights of the fast compartments in relation to the directly recorded blood flows. From resting flow to about 35 ml/100 g • min the Weightf.^t increases in proportion to the flow from about 0.1 to about 0.7. Above 35 ml/100 g • min, the Weighty decreases to about 0.5 at 55 ml/100 g • min.
In Figure 7 the weighted flows of both compartments are plotted against the dropcounter flow. The weighted flows of both compartments are directly correlated to the dropcounter flow. As seen in Table 3 , the sum of the weighted flows does not differ systematically from the flows calculated according to the stochastic analysis.
Discussion
STOCHASTIC APPROACH
The results indicate that the volume of distribution per gram tissue, A, multiplied by the height-to-area ratio of the washout curve equals the blood flow measured directly. The stochastic approach of Kety-Zierler to the clearance of a tracer which fulfills the previously mentioned assumptions has thus been experimentally verified. However, a rather large scatter of the results was observed.
Equivalent Entry and Stotlonorlty
The scatter of the results may be due to the experimental failure to meet exactly the theoretical assumptions. The degree of uniformity of mixing of blood and lss Xenon at the entry into the muscle cannot be evaluated. Regarding stationarity of blood flow throughout the experiment, the variation in the dropcounter values are pertinent. It is unlikely that this assumption was fulfilled as the di- III rectly recorded flows (from minute to minute) within a given experiment showed variations (coefficient of variation from 3 to 56%, see Table 2 ).
Height
Obtaining the correct maximum height of the lsa Xenon curve requires that the total tracer input arrives in the area under study before any of the tracer has left the system. It was felt that this was accomplished by using a very short time of injection (1 to 2 sec).
In preliminary experiments, forceful intraarterial injection of saline or blood caused a pronounced vasoconstriction of 1-to 3-min duration, as recorded directly. Therefore, only small volumes of 133 Xenon solution could be injected. This meant that the count-figures were not always high enough to render the statistical error insignificant.
As seen in Table 2 , the maximum countfigures were from 250 to 44000 count/min. As stated earlier, the height of the curves was determined only by the consecutive 4 to 6 highest counts, printed each second, and not by the course of the curve. Therefore, the actual count-figures determining the height were from 17 to 3660 count/4 or 6 sec. Due to statistical error, the low count-figures in experiments 1, 2, 4, 5, and 6 may have caused a variation of the results from 9 to 24%.
Area
The maximal statistical error of the determination of the area was 4% ( Table 2 ). The curves were recorded practically down to background level. Therefore, the error caused by extrapolating the curves to infinity as required by equation 8 is probably insignificant. Moreover, the observation of a monoexponential decay of the later part of the curves, which were recorded to less than 1/1000 of the maximum count rate, tends to validate the logarithmic extrapolation.
x
The X values used in the experiments are shown in Figure 4 . The shape of our curves relating X values to hematocrit values is linear, although other investigators found a OrcmUtiom Rtiearcb, Vol. XX, M*y 1967 curvilinear shape (15, 16) . This discrepancy is of minor importance because the hematocrit values were between 17 and 36$ and within this range there is fair agreement between the three studies.
Edema
The weight of the perfused muscle in comparison to the contralateral muscle revealed, especially in experiments 4, 5, and 6, a rather pronounced edema. This edema increased during the preparation and the experiment. In the calculations, we used the muscle weight after termination of the experiments which lead to an underestimation of the muscle weights, and consequently, to an underestimation of the directly recorded flows because no way of interpolation was thought valid.
The sources of error listed above in the determination of the mean transit time, the partition coefficient, and the direct flow recordings are of such magnitude that the observed scatter can be readily explained.
In the theoretical considerations it was mentioned that a shunt would give rise to a short spike initially in the washout curves. As the counts were digitally registered each second, a shunt of any importance would appear as very high count-figures in the initial 1 or 2 sec. This was not found. If a small shunt flow could be imagined to be so fast that the particles were washed out before the maximum height was reached, the calculated flow (equation 4) would be recorded too low in relation to the directly measured flow. As this was not the case, a shunt of quantitative importance can be excluded, because the flow calculated from the washout curve was equal to the directly measured flow. This is in contrast to the findings of Aukland et al. (6) .
Mean blood flow calculated by stochastic analysis of tracer curves has been compared with directly recorded blood flows in two previous studies (8, 3) . These studies demonstrated that the mean blood flow, calculated from the stochastic equation of Kety-Zierler was identical with the directly recorded blood flow regardless of the experimental procedure. Our study corroborates this conclusion.
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In blood flow studies in the intact organism, the widespread presence of fatty tissue (except in the brain) would tend to invalidate the application of the Kety-Zierler approach using the highly fat-soluble, radioactive inert gas tracers.
COMPARTMENTAL APPROACH
The saturation curves in Renkin's study (3) could be fitted to the sum of two exponentials: one slow and one fast. He considered these two phases of the curves to represent the blood flow in two parallel, homogeneously perfused compartments. Renkin found that the volume of the fast compartment increased with increasing blood flow. He assumed that this indicated the opening of more capillaries in a larger fraction of the muscle, thus transforming poorly perfused regions into well perfused regions. He found that the weighted flow in the rapid compartment increased in proportion to the directly measured flow, while the weighted flow in the slow compartment remained constant.
In the present work, the shape of the curves was the same as those obtained by Renkin, but in contrast to his findings the weighted flows of the slow compartment increased relative to the directly recorded flow.
In Figure 6 the relative volumes of the compartments vary in a way, which cannot readily be explained by the hypothesis of Renkin. The size of the rapid compartment increases with flow to about 35 ml/100 g • min, and then decreases at even higher flow rates. The flows in the studies of Renkin varied in the range from 4 to 10 ml/100 g • min in skinned hind limbs (3) and from 2 to 12 ml/100 g • min in isolated muscles (17) . The decrease observed by us was thus seen at flows far outside the range studied by Renkin. The hypothesis that the poorly perfused regions would be converted into well perfused regions by the opening of more capillaries at increasing levels of blood flow, thus increasing the relative volume of the well perfused region, cannot be upheld. This is seen from the decrease of the relative volume of the fast compartment at flows increasing to 564 T0NNESEN, SEJRSEN more than 35 ml/100 g • min. In addition, the increase of the weighted flows of the poorly perfused regions is at variance with the hypothesis that increase of flow takes place by converting poorly perfused regions into well perfused regions.
The similarity of the shape of the clearance curves obtained by Renkin (3) and those obtained in the present study is interesting because the flow variations were induced in different ways. Renkin varied the flows by changing the perfusion pressure, while we used metabolic vasodilatation.
Barlow, Haig and Walder (10) described the washout curve of 24 Na by a two compartmental model. They concluded that the slow compartment represented the blood flow in intramuscular septa and tendons, while the fast compartment represented the nutritional flow of the muscle fibers. In the present study the volume of the slow compartment varied from 26 to 92% of the muscle volume. This finding is incompatible with the hypothesis that the substance of the slow compartment is tendinous tissue. It is concluded that the two compartment in-parallel model did not satisfy expectations to give valid information concerning the blood flow within the muscle. Such primitive in-parallel systems have probably no physiological reality in skeletal muscle.
